Single phase silver aluminum titanate (Ag 1/2 Al 1/2 )TiO 3 , later called AAT, nanoceramic powder (particle size 2 to 7.5 nm) was synthesized by a low-cost, green and reproducible tartaric acid gel process. X-ray, FT-IR, energy dispersive X-ray and high resolution transmission electron microscopy analyses were performed to ascertain the formation of AAT nanoceramics. X-ray diffraction data analysis indicated the formation of monoclinic structure having the space group P2/m(10). UV-Vis study revealed the surface plasmon resonance at 296 nm. Dielectric study revealed that AAT nanoceramics could be a suitable candidate for capacitor applications and meets the specifications for "Z7R" of Class I dielectrics of Electronic Industries Association. Complex impedance analyses suggested the dielectric relaxation to be of non-Debye type. To find a correlation between the response of the real system and idealized model circuit composed of discrete electrical components, the model fittings were performed using the impedance data. Electric modulus studies supported the hopping type of conduction in AAT. The correlated barrier hopping model was employed to successfully explain the mechanism of charge transport in AAT. The ac conductivity data were used to evaluate the density of states at Fermi level and minimum hopping length of the compound.
Introduction
In recent years, a number for lead-free perovskite ABO 3 -type materials have been investigated for their possible technological applications [1] [2] [3] [4] [5] [6] [7] . The different principles of chemistry, which can be combined (viz. ionic radii, valence state, tolerance factor, etc.) to obtain numerous complex perovskite oxides with the mixed-cation formula, such as (A A . . . )BO 3 , A(B B . . . )O 3 or (A A . . . )(B B . . . )O 3 have a variety of interesting properties, designed for many electronic and/or microelectronic devices. Also, it has been observed that modifications either at Aor B-site plays an important role in tailoring various properties of complex perovskites as the materials' properties depend mainly on the size difference of pseudo-cation (A A . . . ) 2+ and/or (B B . . . ) 4+ as well as on the difference in * E-mail: k.prasad65@gmail.com their valence states. It was observed that sodium bismuth titanate, (Na 0.5 Bi 0.5 )TiO 3 , which shows strong ferroelectric properties, is considered to be an excellent candidate as a key material for lead-free piezoelectric applications [8] [9] [10] . Recent reports on the identical silver-based compounds, such as (Ag 1/2 Bi 1/2 )TiO 3 [11, 12] , (Ag 1/2 Fe 1/2 )TiO 3 [13] , (Ag 1/2 Al 1/2 )TiO 3 [14] , NaNbO 3 -Bi 0.5 A 0.5 TiO 3 (A = Li, Na, K, Ag) [15] , Bi 0.5 (Na 1−x−y K x Ag y ) 0.5 TiO 3 [16] , Bi 0.5 Na 0.5 TiO 3 -BaTiO 3 -Bi 0.5 Ag 0.5 TiO 3 [17] , Bi 0.5 Na 0.5 TiO 3 -Bi 0.5 K 0.5 TiO 3 -Bi 0.5 Ag 0.5 TiO 3 [18, 19] also showed excellent electrical properties. Further, it has been observed that ceramic powders synthesized using conventional solid-state method lead to the formation of large grains, which are difficult to disperse and affect the sintering properties. In recent years, alternative methods for the powder synthesis, such as sol-gel, hydrothermal, biosynthesis, molten salt and different soft-chemical methods have been developed by 60 SANDEEP KUMAR et al. many workers [13, 14, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . In further search of new lead-free alternative, one such material in this series is perovskite (Ag 1/2 Al 1/2 )TiO 3 . The material is mechanically tough and lead-free. Extensive literature survey indicated that no attempt, to the authors' knowledge, has been made so far by any group to study (Ag 1/2 Al 1/2 )TiO 3 nanoceramics (abbreviated as AAT-nc).
The study on electrical conductivity in such materials is very important as the associated physical properties are dependent on the nature and magnitude of conductivity. Residual conductivity in the bulk of the grains of such materials has been found to be around 10 −7 S·m −1 in the operating temperature region. The high insulating property is caused mainly due to the fact that grain boundaries in the dielectric material act as high resistive barriers for the cross transport of charge carriers. In case of nanoceramics, due to its high surfaceto-volume ratio, grain boundaries can be expected to exert greater influence over electrical/dielectric properties than in conventional microcrystalline ceramics. Therefore, proper understanding of the effect of grain boundaries for evaluating overall behavior of the ceramic samples is important. Complex impedance spectroscopy has been recognized as a non-destructive powerful technique to study the microstructure and the electrical properties of solids. Thus, the dynamics of ionic movement and contributions of various microstructure elements, such as grain, grain boundary and interface polarization to total electric response in polycrystalline solids can be identified by this technique. It also enables us to evaluate the nature of dielectric relaxation and the relaxation frequency of the material.
Accordingly, the present work reports the synthesis (using tartaric acid gel method) and structural (X-ray and its Rietveld analysis), high resolution transmission electron microscopy, UV-Vis and Fourier transformed infrared spectroscopy studies of AAT-nc. The tartrate method is a kind of sol-gel method using tartaric acid as a complexing agent. The complexation of metal cations by free carboxyl groups allows reactants mixing at molecular level and consequently leads to uniform, fine powders with high purity at relatively low temperatures.
Moreover, this soft-chemical synthetic process is totally green, easily controlled and convenient in comparison with other methods. Furthermore, the dielectric, impedance and ac conductivity studies of AAT-nc, which is mechanically tough and ensures environment-friendly applications, have been carried out. For better understanding the correlation between the response of the real system and idealized model circuit composed of discrete electrical components, circuit model fittings, using the impedance data, have been carried. The correlated barrier hopping model has been applied to the ac conductivity data to ascertain the conduction mechanism of charge transport in the system. Also, the ac conductivity data have been used to estimate the density of states at Fermi level and minimum hopping length. Furthermore, an effort has been made to explain the mechanism for the soft-chemical synthesis of AAT-nc using simple principles of organic chemistry.
2. Experimental 2.1. Synthesis of (Ag 1/2 Al 1/2 )TiO 3 nanoparticles Fine AAT-nc powder was prepared by the tartaric acid gel method using reagent grade (99.9 % + pure) chemicals: AgNO 3 (Merck, Germany), Al(NO 3 ) 3 .9H 2 O (Across, USA), titanium (IV) n-Butoxide (Across, USA) and tartaric acid as starting materials. A weighed amount of tartaric acid was first dissolved into deionized water. Aqueous ammonia was dripped slowly to adjust the pH value of the solution between 7 and 8. After stirring at 70°C for 1 h, a yellowish liquid was obtained. Then, AgNO 3 , Al(NO 3 ) 3 ·9H 2 O, titanium (IV) n-Butoxide were weighed stoichiometrically in accordance with the formula (Ag 1/2 Al 1/2 )TiO 3 and were added into the solution, followed by stirring at 70°C for 1 h to prepare a transparent precursor solution. The precursor solution was dehydrated at 100°C to form a sol. Subsequent heating at a higher temperature of 160°C yielded a gel. The gel initially started swelling and produced a foamy precursor. The gel was pulverized and then heated at 300°C for 2 h in air to get a carbonaceous mass. Finally, the carbonaceous mass was calcined at 700°C for 5 h. The schematic for the soft chemical synthesis of AAT-nc powder using tartaric acid gel method is detailed in Fig. 1 . Completion of the reaction and formation of the desired compound was checked by X-ray diffraction technique. 
Characterization
The crystal structure was identified by powder X-ray diffraction (XRD) analysis with CuKα radiation (X'PERT-PRO, Pan Analytical). The XRD data for Rietveld analysis were collected over the range of 2θ = 20 to 80°with a step size of 0.02°with a count time of 2 s. The FullProf program was used for Rietveld structural refinement. TEM micrographs, selected area diffraction (SAED), lattice image and energy dispersive Xray (EDX) patterns of AAT-nc were obtained using a high resolution Bruker transmission electron microscope. The particle sizes were estimated from the TEM micrograph with the help of Image J software. The Fourier transformed infrared (FT-IR) spectrum of AAT-nc was collected in the transmission mode using a Perkin Elmer spectrum BX2 FT-IR spectrophotometer in the range of 400 to 4000 cm −1 . The absorption spectrum of ultrasonically dispersed AAT-nc in absolute ethanol was obtained by a computer interfaced UV-Vis spectrophotometer (Hitachi AU-2700). A sintered pellet (750°C, 4 h) was polished and electroded with air-drying silver paste (SPI supplier, USA) to measure the electrical properties. Dielectric and impedance measurements were carried out using a computer-interfaced LCR Hi-Tester (HIOKI 3532-50, Japan). Further, the temperature coefficient of capacitance (T CC ) which is an important parameter for the low-temperature dependence of capacitance was defined as:
× 100; where C T and C RT represent the values of capacitance at the elevated and at room temperature, respectively.
Results and discussion
The Rietveld refined XRD profile of AAT-nc powder synthesized using tartaric acid gel method is presented in Fig. 2 . The results of Rietveld analysis reveal a monoclinic crystal structure having the space group P2/m(10). Single sharp peaks in XRD pattern of AAT, belonging to pure pervoskite phase are found and no other intermediate phase is found, which indicates the formation of a single phase compound. The XRD and refined structural parameters are depicted in Table 1 . The adopted profile fitting procedure was minimizing the χ 2 -function. It can be seen that the observed and calculated profiles are perfectly matched (χ 2 = 1.298). Further, the presence of broad peaks in XRD pattern may be due the nanosizing effect in AAT-nc. The particle sizes and morphologies of AATnc powder fired at 700°C were examined by HR-TEM. As shown in Fig. 3 , all AAT particles, which are almost spherical in shape are very small, with the sizes ranging between 2 to 7.5 nm (inset of Fig. 3 ). The average value of the particle size was estimated to be 4.82 ± 0.05 nm. The measurements of sizes were carried along the diameter of the particles. The difference in size may possibly be due to the agglomeration of individual nanoparticles being formed at different times. FT-IR analysis was used to characterize the synthesized AAT-nc powder derived via tartaric acid Fig . 6 shows the possible mechanism involved in the soft chemical synthesis of (Ag 1/2 Al 1/2 )TiO 3 nanoceramic powder using tartaric acid gel 
method. It is known that tartaric acid (H 2 Tart) is energetically labile molecule. It undergoes interesting pattern of optical isomerism. Recently, mean value of heat of combustion for tartaric acid was calculated to be 1124.5 kJ/mol [30] . In addition, the value of heat of dissociation was calculated to be 27.17 kJ/mol for the temperature above 50°C [31] . It clearly indicates that this energy is probably sufficient to accomplish a nano-transformation. Further, this process involves complexation of metal ions (Ag +2 , Al +3 and Ti +4 in this case) by polyfunctional carboxylic acids, such as tartaric acid having one hydroxyl group. Upon heating the mixture, the solvent (water) evaporates resulting in increased viscosity. After complete removal of water, the mixture turns into a gel form and its constituents are mixed at atomic level. This gel upon heating at higher temperature (700°C, 5 h) produces the nanoceramics: (Ag 1/2 Al 1/2 )TiO 3 , which might be due to the combustion of organics present in the gel, along with the evolution of gases during calcination. Therefore, the effect of such softchemical ambiance could have made the reaction to occur more easily.
UV-Vis absorption spectroscopy is a useful technique to monitor the optical properties of the quantum-sized particles. The wavelength at the maximum exciton absorption depends upon the size of the nanoparticles, which results in quantum confinements of the photogenerated electronhole carriers. Fig. 7 shows the UV-Vis spectrum of AAT-nc. Broad absorption peaks (surface plasmon resonance) are observed at 296 nm. Also, the plasmon bands are broadened with an absorption tail in the longer wavelengths, which may be due to the size distribution of the particles. This supports the distribution of particle sizes observed in TEM micrograph (Fig. 3) . The frequency dependence of the real (ε ) and imaginary (ε ) parts of dielectric constant at different temperatures are plotted in Fig. 8 . It is observed that both ε and ε follow inverse dependence on frequency. Dispersion with relatively high value of ε can be seen in the ε -f graph in the lower frequency region and ε drops at high frequencies. A relatively high value of ε at low frequencies is characteristic of a dielectric material. At very low frequencies, dipoles follow the field and we have ε ≈ ε s (value of dielectric constant at quasi static fields). As the frequency increases, dipoles begin to lag behind the field and ε decreases slightly. When frequency reaches the characteristic frequency, the dielectric constant drops (relaxation process) and at very high frequencies, dipoles can no longer follow the field and ε ≈ ε ∞ . imaginary parts of the dielectric constant of (Ag 1/2 Al 1/2 )TiO 3 nanoceramics at different temperatures. Fig. 9 shows the variation of dielectric constant (ε ) and loss tangent (tanδ = ε /ε ) with temperature at 1 kHz. It is observed that both ε and tanδ increase with an increment in temperature in the working temperature range (up to 150°C). The values of ε and tanδ at room temperature are, respectively, found to be 153 and 0.043 at 1 kHz. The inset of Fig. 9 clearly illustrates that the values of T CC varies within ±15 % in the working temperature range (up to +150°C). Therefore, the low value of T CC (<± 15 %), ε (= 153) and low tanδ (∼10 −2 ) were found in case of AAT-nc, which meets the specifications for "Z7R" of Class I dielectrics of Electronic Industries Association. Therefore, this compound may be considered as a potential candidate for capacitor applications. Fig . 10 shows the variation of the (a) real (Z ) and (b) imaginary (Z ) parts of impedance with frequency at different temperatures. It is observed that the magnitude of Z decreases with the increase in both frequency as well as temperature, which indicates the increase in ac conductivity of the sample with increasing temperature and frequency. Besides, at low frequencies the Z values flatten with a rise in temperature. The value of Z simply decreases with frequency at lower temperatures and at 150 • C onwards and it reaches a maximum peak (Z max ), which shifts to higher frequency side with an increment in temperature indicating the increasing loss in the sample. A typical peak-broadening, which is slightly asymmetrical in nature, can be observed with the rise in temperature. The broadening of peaks in frequency explicit plots of Z suggests that there is a spread of relaxation times i.e., the existence of a temperature dependent electrical relaxation phenomenon in the material. The relaxation times (τ) were calculated from the frequency, at which Z max is observed, called relaxation frequency (f p ). At the peak, the relaxation is defined by the condition: ω m τ m = 1, where τ m is the relaxation time. Fig. 11 shows that the relaxation frequency obeys the Arrhenius relation: ω m = ω o exp(−E τ /k B T), where ω o is the preexponential factor. The activation energy, E τ calculated from the least squares fit to logω m −1/T data is 0.78 eV. Fig . 12 shows a set of impedance data taken over a wide frequency range (100 Hz to 1 MHz) at different temperatures as a Nyquist diagram. The impedance data at room temperature do not take the shape of a semicircle in the Nyquist plot rather present almost straight lines with a large slope, suggesting the insulating behavior of AAT-nc at room temperature. Also, it can be seen that with the increase in temperature the slope of the lines decreases and they bent towards real (Z ) axis and from 150°C onwards, a depressed semicircle could be traced, indicating thereby an increase in the conductivity of the sample. Further, it is observed that the peak maxima of the plots decrease with increasing temperature and the frequency for the maximum shifts to higher values with the increase in temperature. Fig . 13 shows the complex impedance plot along with the fitted data at different temperatures. Complex impedance plots do not always yield perfect or depressed semicircular arcs and often the arc is asymmetric and cannot be well approximated by the combinations of impedances and capacitances only. The appropriate equivalent circuit at each temperature is illustrated in the insets of Fig. 13 . It can be seen that a constant phase element (CPE) is connected from 150°C onwards. The parameters of each fitting, which were determined using a non-linear least-square fitting algorithm [32] , are summarized in Table 2 . The admittance of CPE was estimated using the relations: Y o = Q(jω) n , where Q is a constant pre-factor, n is exponent and j = √ −1 is the imaginary unit. The introduction of CPE in the equivalent circuit may be due to the distribution of reaction rates and/or surface roughness. Further, all these curves do not coincide with the origin (zero value) and, hence, a series resistance has been introduced that can be ascribed to the LCR circuit representation of the sample and the value, of which increases with the increase in temperature. The impedance data do not fit well with single/double RC-combination, rather they fit excellently well with R(CR)-and R(C(R(QR)))(CR)-type of equivalent circuits, respectively, for 25 • C up to 150 • C and 150 • C onwards (insets of Fig. 13 ), indicating thereby that the electrical responses are due to the grain and grain boundary effects. Here, symbols R, C, and Q represent resistance, capacitance, and constant phase element, respectively. At higher temperatures (150°C onwards) semicircles could be obtained with different values of resistance for grain and grain boundary. Hence, grain and grain boundary effects could be separated at these temperatures. These compounds are expected to lose traces of oxygen during sintering at high temperature as per the reaction [33] :
o + 2e − These defects affect impedance and capacitance in the formation of barrier layers at the grain-grain boundary interface. During cooling of the samples after sintering reoxidation takes place. This oxidation is limited to surface and grain boundaries only due to insufficient time. This results in the difference between resistance of grain boundary and the grain itself, giving rise to the barrier. Further, it is known that for Debye type relaxation, the centre of the semicircular plots should be located on the Z -axis, whereas for a non-Debye type relaxation these Argand plane plots are close to semicircular arcs with end-points on the real axis and the centre lying below this axis. The complex impedance in such a case can be described as:
, where α represents the magnitude of the departure of the electrical response from an ideal condition and this can be determined from the location of the centre of the semicircles. Further, it is known that when α approaches to zero, i.e. {(1 − α) → 1}, this equation gives rise to the classical Debye's formalism. It can be seen from the impedance plots that the data are not represented by full semicircle rather they are depressed, i.e. the centres of semicircles lie little below the abscissa (Z ) axis (α > 0), which increases with the rise in temperature, suggesting the dielectric relaxation to be of non-Debye type in the AAT-nc. This may happen due to the presence of distributed elements in the material-electrode system. The dielectric response is expressed by a reciprocal quantity: M * (ω) = 1/ε * (ω), known as electric modulus, where the electrode polarization artifacts are suppressed. Typical features of M * (ω) include a broad, asymmetric peak in the imaginary part and a sigmoidal step in the real part. The similarity of these shapes to loss and storage of mechanical stress associated with relaxation processes is evident and has naturally led to similar interpretation. Fig. 14 shows the variation of real (M ) and imaginary (M ) parts of electric modulus with frequency at different temperatures for AAT-nc. It is characterized by a very low value of M in the low frequency region and a sigmoidal increase in the Table 2 . Resulting parameters of each fitting corresponding to the equivalent circuits shown in Fig. 13 value of M with the frequency approaching ultimately to M ∞ , which may be attributed to the conduction phenomena due to short-range mobility of charge carriers. The variation M as a function of frequency is characterized by: (i) clearly resolved peaks in the pattern appearing at unique frequency at different temperatures, (ii) significant asymmetry in the peaks with their positions lying in the dispersion region of M vs. frequency pattern and (iii) the peak positions have a tendency to shift towards higher frequency side with the rise in temperature. The low frequency side of the M peak represents the range of frequencies, in which charge carriers can move over a long distance, i.e. charge carriers can perform successful hopping from one site to the neighbouring site. The high frequency side of the M peak represents the range of frequencies, in which the charge carriers are spatially confined to their potential wells and, thus, could made localized motion within the well. The region, where a peak occurs, is an indicative of the transition from long-range to short-range mobility with increase in frequency. Further, the appearance of the peak in modulus spectrum provides a clear indication of conductivity relaxation. Also, M (ω) curves get broadened upon increasing temperature suggesting an increase in non-Debye behavior. This particular behavior seems to be unique to electrical relaxation since all other relaxation processes (e.g. mechanical, light scattering) typically exhibit opposite behavior with tendency towards Debye behavior with increasing temperature [9] .
The ac conductivity data were obtained using a relation σ * (ω) = σ (ω) + iσ (ω) = iωε o ε * (ω) and the real and imaginary part of σ * (ω) were obtained as: σ (ω) = ωε o ε (ω) and σ (ω) = ωε o ε (ω). Fig. 15 shows the log-log plot of real and imaginary parts of ac electrical conductivity (σ and σ ) versus frequency at different temperatures. The plots of σ show dispersion throughout the chosen frequency range and with the increment in temperature plots get flattened (plateau value). The switchover from the frequency-independent to the frequency-dependent regions shows the onset of the conductivity relaxation, indicating the translation from long range hopping to the short range ion-motion. Further, the real part of electrical conductivity, due to localized states, in most of the materials is expressed as Jonscher power law: σ (ω) = σ o + Aω s , where σ o is the frequencyindependent (electronic or dc) part of ac conductivity, s (0 s 1) is the index, ω is an angular frequency of applied ac field and A is a constant, e is the electronic charge, T is the temperature, α is the polarizability of a pair of sites, and N is the number of sites per unit volume, among which hopping takes place. Such variation is associated with displacement of carriers, which move within the sample by discrete hops on the length R between randomly distributed localized sites. The term Aω s can often be explained on the basis of two distinct mechanisms for carrier conduction: (i) quantum mechanical tunneling (QMT) through the barrier separating the localized sites and (ii) correlated barrier hopping (CBH) over the same barrier. In these models, the exponent s is found to have two different trends of variation with temperature and frequency. In QMT, s is predicted to be temperature independent and is expected to show a decreasing trend with ω, while for CBH, temperature dependence of s should show a decreasing trend. However, the frequency dependence of conductivity, in general, does not follow the simple power law as given above but follows a double power law given as: σ (ω) = σ o + A 1 ω s 1 + A 2 ω s 2 , where A 1 and A 2 are the temperature dependent constants and s 1 (characterizes the low-frequency region, corresponding to translational ion hopping) and s 2 (characterizes the high-frequency region, indicating the existence of well localized relaxation/reorientational process) are temperature as well as frequency dependent parameters. Further, it may be inferred that the slope s 1 is associated with grain-boundary conductivity, whereas s 2 depends on grain conductivity. The conductivity in the low-frequency region is associated with successful hops. Beyond the low-frequency region, many hops are unsuccessful, and as the frequency increases, more hops are unsuccessful. The change in the ratio of successful to unsuccessful hops results in dispersive conductivity and different activation energies are associated with unsuccessful and successful hopping processes. In the perovskitetype oxide materials, presence of charge traps in the band gap of the insulator is expected. The frequency and temperature dependence of ac conductivity supports the hopping-type conduction in the test material. The values of the indexes s 1 and s 2 can, respectively, be obtained from the slopes of the plots log σ vs. log ω in the low and high frequency regions. The temperature-dependent variations of the exponents, s 1 and s 2 , are shown in the inset of Fig. 15 . From the plots, it is manifested that values of both s 1 and s 2 decrease with the rise in temperature and the values of s 1 always remain less than 1. Also, the value of s 1 → 0 at higher temperatures indicating that dc conductivity dominates at higher temperatures in the low frequency region and follows Jonscher power law. The model based on correlated hopping of electrons over barrier [34] predicts a decrease in the value of the index with the increase in temperature and the theoretical results are thus found to be consistent with the experimental results. Therefore, the electrical conduction in the system could be considered due to the short-range translational type hopping of charge carriers [34, 35] . This indicates that the conduction process is a thermally activated process. The imaginary part of the ac conductivity decreases with decreasing frequency. Therefore, the conductivity representation supports the electronic conduction. Fermi level N(E f ) using the relation [36] : σ (ω) = (π/3)e 2 ωk B T{N(E f )} 2 α −5 {ln(f o /ω)} 4 , where f o the photon frequency and α is the localized wave function, assuming f o = 10 13 Hz, the polarizability α = 10 10 m −1 at various operating frequencies and temperatures. Fig. 16 illustrates the frequency dependence of N(E f ) at different temperatures. It can be seen that the value of N(E f ) decreases with the increase in the operating frequency for all temperatures and it simply increases with the increase in temperature for all the frequencies. Therefore, at low frequencies the electrical conduction in the system is affected by both frequency as well as temperature, whereas at higher frequencies the charge carriers are localized and being affected by thermal excitations. The reasonably high values of N(E f ) suggest that the hopping between the pairs of sites dominates the mechanism of charge transport in AAT-nc. The minimum hopping length, R min was estimated using the relation [37] : R min = 2e 2 /πεε o W m , where W m = 6k B T/(1 − s) is the binding energy. Fig. 17 shows the variation of R min with frequency at various temperatures. It is characterized by a very low value (∼10 −10 m) of R min in the lower frequency region, a continuous dispersion with the increase in frequency, having a tendency to saturate at a maximum asymptotic value in the higher frequency region. Such observations may possibly be related to a lack of restoring force governing the mobility of charge carriers under the action of an induced electric field. This behavior supports the long-range mobility of charge carriers. Further, a sigmoidal increase in the value of R min with the frequency approaching ultimately to a saturation value may be attributed to the conduction phenomenon due to the short-range mobility of charge carriers. Further, it can be seen that the values of R min decrease with a rise in temperature.
Conclusions
In summary, the present soft-chemical method is truly a green cost-effective approach, capable of synthesizing (Ag 1/2 Al 1/2 )TiO 3 nanoceramic powder. AAT nanoceramic powder was found to have a perovskite-type monoclinic structure with the particle sizes of 2 to 7.5 nm. EDX and FT-IR studies confirmed the formation of pure AAT. Heat of combustion, heat of dissociation of tartaric acid and combustion of organics present in the gel along with the evolution of gases during calcination created the ambiance for reaction to occur more easily to form AAT-nc. UV-Vis study exhibited the surface plasmon resonance at 296 nm. The dielectric relaxation was found to be of non-Debye type. Electric modulus studies supported the hopping type of conduction in AAT-nc. The ac conductivity was found to obey the universal power law. The pair approximation type correlated barrier hopping model was found to successfully explain the mechanism of charge transport in AAT-nc. Further, a low value of dielectric constant (= 153), loss tangent (= 0.043) at 1 kHz and a low T CC (< ±15 %) in the working temperature range (up to 150°C) makes this material suitable for capacitor application and may be designated as 'Z7R' Class I material as per the specifications of the Electronic Industries Association.
